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THE QUESTION OF CARBOHYDRATE PRODUCTION
FROM FAT WITH SPECIAL REFERENCE
TO DIABETES*
MARGARET DANN
The controversy as to whether or not fatty acids can be converted
into carbohydrate in the animal body is one which has been produc-
tive of much fruitful work as well as many heated debates on the
part of physiologists. The chief interest of this question for the
clinician lies in its application to the interpretation of diabetes.
Increasing attention is being paid to this subject, as evidenced by two
editorials'2 which appeared in the Journal of the American Medical
Association, callingattention to theconflicting theories ofthis disease.
The usually accepted theory, that its symptoms are due to a failure
of carbohydrate oxidation, has been challenged by a school which
holds that insulin deficiency results in quite a different alteration in
metabolism, namely, a production of sugar from fat so rapid that
oxidation of the carbohydrate cannot keep up.
Lusk26, who was one of the leading exponents -of the "non-
oxidation" theory of diabetes, has been upheld by most of the
workers in this field in this country. Richardson"5, Rapport"4, Cori7,
and Carpenter2 have published review articles in which, after weigh-
ing the evidence on both sides, they have come to the conclusion that
it favors the "non-oxidation" hypothesis rather than the "over-
production" theory. The latter, however, has able and ardent
defenders, including Geelmuyden'8 and Macleod27 28, and it is cer-
tainly worthy of serious consideration. The fact that these authors,
in theirbooks and reviews cited, have covered this subject thoroughly
up to 1930, and to a considerable extent later than that, would make
the present article quite unnecessary unless it could accomplish two
things: first, to condense the arguments and the principal means of
attack on this difficult problem for the benefit of readers who lack
time to digest all the details; second, to discuss some of the most
recent experimental work which has a bearing upon the subject.
In presenting this discussion we will first define the two opposed
theories, and will follow this with a summary of such evidence as
can be adduced from studies on the respiratory quotient, on the
dextrose/nitrogen ratio, and on other experimental procedures
induding those on fat feeding.
* From the Department of Physiological Chemistry, Yale University.YALE JOURNAL OF BIOLOGY AND MEDICINE
Many relevant papers have been omitted because they have been
thoroughly discussed in one or more of the review articles already
mentioned. On the other hand, the bibliography includes a few
papers published in 1931 and 1932 which are not here discussed.
Definitions
The "non-oxidation" theory may be summarized as follows:
Diabetes is due to impairment of the-ability to oxidize carbohydrate.
In an extreme case, for example, the depancreatized dog, complete
absence of insulin results in abolition of all glucose combustion.
Energy, both for resting metabolism and for muscular activity, may
be furnished by the oxidation of fat. The characteristic hyper-
glycemia is an indication of the non-utilization of carbohydrate,
while the glucose arising from the residual glycogen stores, from
ingested carbohydrate, and also from ingested or body protein, is
excreted quantitatively if the animal is completely diabetic.
The "overproduction" theory holds that the hyperglycemia and
glycosuria in diabetes are due to an unduly great production of
glucose from fat, the transformation possibly taking place in the
liver. According to this hypothesis, oxidation of carbohydrates still
occurs even in completely diabetic organisms. In fact, it has been
claimed that muscular contraction can take place only at the expense
of energy derived from the combustion of carbohydrates or carbo-
hydrate-like substances. Thelast argument, however, has lost much
of its potency in the light of considerations which will be discussed
later. It follows that the action of insulin is considered by the one
school to be a promotion of carbohydrate oxidation, while the other
believes its function to be an inhibition of gluconeogenesis (new
formation of carbohydrate) from either protein or fat.
The respiratory quotient
Inasmuch as the controversy largely concerns the question, Does
the diabetic organism oxidize carbohydrate? the first step toward a
solution of the problem may logically be by way of the respiratory
quotient, for this ratio has long been considered an index, under
proper conditions, of what foodstuffs are undergoing combustion.
When the quotient CO2 output/02 uptake is expressed in terms of
thevolumes of the gases, it indicates the relative molecular quantities
involved in chemical reactions in the body. Equations (1) and (2)
represent the combustion of a carbohydrate and of a fat (tripalmitin)
respectively; equations (3) and (4) two possible means by which a
fatty acid (palmitic) or a fat can be formed from glucose. The first
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three are quoted fromLusk26; the fourth, from Rapport34, attributed
to Hanriot. The fifth equation is Pembrey's32 hypothetical picture
of the conversion of a fat (triolein) to glucose.
(I) C6H1206±6 02 6 CO2+6 H20 (R.Q. = 6/6 = 1.00)
(2) 2 C51H9806 + 145 02 = 102 CO2 + 98 H2O (R.Q. = 102/145 = 0.70)
(3) 4 C8H1206 + 02 C16H32O2 ± 8 CO2 + 8 H2O (R.Q. = 8/1 = 8.0)
(4) 13 C6H12O6 = C55H104O8 + 23 CO2 + 26 H20 (Production of "extra"
CO2)
(5) 2 C57H10406 + 64 02 = 16 C6H12O6 + 18 CO2 + 8 H2O (R.Q.=
18/64 = 0.28)
In actual observations, when proper precautions are taken with
regard to accuracy ofmeasurements and a uniform physiological state
of the subject, the great majority of respiratory quotients lie between
0.70 and 1.00 in normal subjects. It happens that protein oxidation
in the body has an R.Q. of about 0.8, and by obtaining the urinary
nitrogen output, it is possible to calculate the CO2 and oxygen con-
cerned in protein metabolism for the given period. By subtracting
these from the total volumes, the "non-protein" respiratory quotient
is obtained. Details of the calculations are given by Lusk26 and by
Richardson35.
The application of the foregoing paragraph to the matter at hand
appears in the contrast between the range of respiratory quotients
found in normal patients and animals, and that in diabetes. Whereas
the non-diabetics have non-protein quotients indicating the com-
bustion of varying amounts of fat and carbohydrate, depending
largely on the previous diet, the R.Q. in severe diabetes tends to
approach closely the theoretical value for fat alone. A few of the
many figures in the literature, collected by Rapport34, are sum-
marized in the following table.
TABLE I
FASTING RESPIRATORY QUOTIENTS IN DIABETES. (FROM RAPPORT.)
Respiratory
Observer Cases quotient
Benedict and Joslin .Human patients 0.69 to 0.76
Geyelin and Dubois .............................. PatientAverage 0.69
Wilder, Boothby and Beeler ".................... " 0.70
Falta, Grote and Staehelin ........................ Depancreatized dogs 0.68 to 0.72
Mohr ........ ...................... " 0.64 to 0.73
Verzar ..............................." 0.70 to 0.73
Chaikoff and Macleod .............................. " 0.68 to 0.70
The explanation of quotients below 0.7 will follow somewhat
later. At this point all that need be said is that unless the R.Q. is
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below 0.655 it is not necessary to postulate the conversion of fatty
acid to carbohydrate in order to explain it. The exponents of the
"non-oxidation" theory consider the great number of fasting diabetic
quotients which fall within the range illustrated in Table I to be a
telling argument for their hypothesis. Equally important is the
fact, established by numerous experiments, that ingestion of either
fat or carbohydrate food does not raise the R.Q. above the level of
fasting. This indicates that oxidation of carbohydrate in the diabetic
is not stimulated either by an excess of this foodstuff or by supplying
fat.
The opposing school protests against this interpretation on the
ground that it makes an assumption that all, or a large part, of the
reactions in the body involving the exchange of oxygen and carbon
dioxide are combustions. Cathcart and Markowitz3 present an able
discussion of the objections to this assumption, not referring specific-
ally to diabetes, but to the interpretation of the R.Q. in general.
Theirview-point is that these gases represent only the beginning and
end products of a complex series of reactions, involving not only
oxidations, ofthe type ofequations (1) and (2), but alsotransforma-
tions such as those illustrated by the other equations. (Another
common example would be the production of urea, in which, for
every two molecules of ammonia from the deamination of amino
acids, a molecule of CO2 is eliminated and thereby subtracted from
the respiratory exchange. This is taken into account in the calcula-
tion of non-protein quotients.) The point made by Cathcart and
Markowitz is that an R.Q. of 0.71 could be obtained if, instead of
fat being oxidized, glycogen were being burned in the muscles at
exactly the same rate at which new glycogen was being formed from
fat. They state that there is "good reason for regarding the non-
protein R.Q. as being chiefly an index of the direction of the dynamic
transformation carbohydrate ± fat."
In this reasoning, however, these authors make another assump-
tion of a magnitude equal to that which they criticize. That is, that
when the R.Q. is near to 0.7, a nice balance must exist between the
oxidation of carbohydrate and the production from fat of this food-
stuff. The possibility of such a delicate adjustment in the diabetic
organism seems difficult to harmonize with the theory that the chief
derangement in diabetes is an abnormal acceleration of the produc-
tion of sugar from fat. To quote Rapport"4, "The necessary syn-
chronization of conversion and oxidation under these circumstances
must be emphasized. The sugar derived from fat must not only
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be oxidized but immediately oxidized." Nevertheless, it is impor-
tant to realize that there are at least two ways of interpreting the
facts as to the R.Q.
Another type of chemical reaction which may play an important
part in modifying the R.Q. is that implied in a phrase used earlier
in referring to the necessity for "a uniform physiological state of the
subject". Activity or excitement, as in experiments on a barking or
panting dog or an exercising man, produces an increased formation
of lactic acid, and a condition of over-ventilation, so that "extra"
CO2 is given off. The importance of this factor in raising the
apparent R.Q. has not been fully recognized in some experiments,
such as those of Chaikoff and Madeod4 on shivering in depan-
creatized dogs. These workers obtained an increase in the R.Q.
of such animals, as a result of activity. Chambers, Kennard, Pol-
lack and Dann' have shown that when depancreatized dogs are
caused to exercise, there is a rise in the R.Q., but if the experiments
are continued long enough while the animal is in a resting state,
there is a compensatory fall. The R.Q. of the entire exercise and
recovery period in 5 dogs in which exertion was induced by epine-
phrine averaged 0.72, the same as the average R.Q. for the basal
periods. Theincrease inthe quotient was attributednot to oxidation
of carbohydrate as a result of muscular activity, but to a "blowing-
off" of carbon dioxide.
The fact that this criticism applies not only to exercise experi-
ments in intact animals, but also to practically all of the work on
isolated tissues and eviscerated preparations formerly cited as evi-
dence that muscular exercise depends on carbohydrate combustion,
has been admitted by Madeod. He says in a recent review28, "As
the matter stands at present, therefore, the only evidence that the
oxidative processes occurring in muscle are such as to indicate an
exdusive combustion of carbohydrate is that reported by Meyerhof.
Since this is for isolated amphibian muscle, the results have only a
doubtful value in relation to what occurs in mammalian musde with
the circulation intact." In spite of this statement, and the positive
evidence offered by Himwich and Castle21, Himwich and Rose22,
and byRichardson, Shorr and Loebel36, to mention only a few of the
many investigators who have shown that resting and exercising mus-
cles of normal and diabetic animals have respiratory quotients which'
indicate definitely that they can oxidize fat, Macleod28 clings to the
belief that "a carbohydrate of some kind must be the immediate fuel
of muscular activity." The explanation is similar to that advanced
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by Cathcart and Markowitz3 for the R.Q. of the intact organism,
except that in this case the two balanced processes-conversion of
fat into carbohydrate and oxidation of the latter-must be pictured
as occurring not in different parts of the body, but within the muscle
itself.
Before leaving the subject of the respiratory quotient, it is neces-
sary to refer to the interpretation of quotients lower than 0.7.
Richardson35 has calculated-the influence of the loss of betahydroxy-
butyric acid and other ketone bodies upon the R.Q. in diabetes, and
has found that this factor could reduce the R.Q. to as low as 0.655.
In discussing the evidence from the R.Q. on the question of carbo-
hydrate formation from fat, he states, "Considering the extent to
which the respiratory metabolism in diabetes has been studied, quo-
tients below the theoretical minimum are unusual and offer scant
support for the theory of neoformation of carbohydrate." Among
the lower quotients described in the literature, however, must be
mentioned those of Hawley and Murlin20 observed in human sub-
jects on high-fat diets. Some respiratory quotients as low as 0.63
were obtained, and even when corrections were made for excretion
of acetone bodies and acid-base changes, the quotients were still
below the fat level. These results, however, are entirely different
from those obtained by Gregg"6 in the same laboratory on fat-fed
rats. These experiments will be discussed later.
The dextrose/nitrogen ratio
To Minkowski30 belongs the credit for the discovery that in a
fasting or meat-fed depancreatized dog there is a quantitative rela-
tionship between the amount of sugar and the amount of nitrogen
in the urine. He found that when the glycogen stores had become
depleted, the dextrose/nitrogen ratio lay between 2.6/1 and 3.1/1,
with an average of 2.8/1. This can be explained on the hypothesis
that a definite fraction (45 per cent) of catabolized protein is con-
vertible into glucose which cannot be utilized and is, therefore,
excreted. The quantitative excretion of ingested glucose is also
observed in depancreatized animals. The Minkowski value of 2.8
has been confirmed so repeatedly that it has become almost axiomatic
among those physiologists who are convinced that the diabetic does
not oxidize sugar nor form sugar from fat. Those who take the
opposite view, however, question not only the interpretation but the
fact of the constancy of the D/N ratio.
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The list shown in Table II includes experimental results, and
observations on patients, compiled from work cited by Lusk26 and by
Rapport34, with a few additional instances for which references are
given. It is interesting to note that the D/N ratio in severe diabetes
in human beings observed in the days before insulin therapy was
known, was about 3.65, which would indicate that in these patients
58 per cent rather than 45 per cent of protein served as a source of
glucose. Values for human subjects are reliable only when the diet
is strictly supervised, and some high D/N ratios reported in patients
were criticized by Lusk26 on the ground that there was probably
surreptitious ingestion of carbohydrate food.
I A number of figures are quoted for animals injected with
phlorhizin. Such animals are not truly diabetic, but become glyco-
suric because their kidneys lose temporarily the ability to reabsorb
glucose. Wierzuchowski40 has found that the phlorhizinized dog
is able to oxidize small amounts of carbohydrate. However, such
animals have constant D/N ratios, and excrete over 90 per cent of
ingested sugar, and therefore they have served as convenient living
test-tubes, as it were, for determining the amount of glucose deriv-
able from glycerol and from various amino acids.
In the olderexperiments2", and even as late as 19264°, phlorhizin
produced in the dog a D/N of 3.65, similar to that of the human
diabetic, while since that time, for a reason unknown but which may
be due to a difference in the purity of the drug now available, the
D/N ratio of the phlorhizinized dog is about 2.8', similar to that of
the depancreatized dog, and to that formerly observed in rabbits
and members of other species. This difference need not alter the
interpretation that in each case the source of the sugar in the urine is
protein, inasmuch as protein ingestion does not change the ratio, but
increases the dextrose and the nitrogen output proportionately.
Additional support for the belief that the Minkowski ratio in the
depancreatized dog is a true result of protein metabolism as it occurs
in the diabetic-i.e., with quantitative loss of a definite fraction of
protein in the form of glucose which cannot be oxidized-is offered
by the work of Ralli, Canzanelli and Rapport33. These authors
calculated, from figures available from various sources as to the
amino acid content of three common proteins, the amount of glucose
which should theoretically be derived from them, and from this, the
theoretical D/N and R.Q. Their results for meat protein were:
D/N, 2.7; R.Q. 0.73. This theoretical R.Q. was confirmed by
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the fact that in depancreatized dogs which were fed large amounts
of meat the average observed R.Q. was 0.72.
The largest variation in the D/N ratio is found in still another
type of experimental subject, the depancreatized dog which has been
allowed to recover from the operation under a regime of light doses
of insulin, with a diet of meat, sucrose and raw pancreas, or some
similar combination of foods. After periods which may last in some
instances for several months, insulin is withdrawn from the animal
and observations are made. The second and third days without
insulin are characterized by D/N ratios considerably higher than the
Minkowski level. This may be explained in part by the possibility
that complete exhaustion of the glycogen deposits requires a longer
time in some individuals than in others, and may be delayed in
animals which have been fed diets containing a liberal amount of
carbohydrate and have been given insulin for periods of months.
Low D/N ratios are rare and usually appear when the animal is
moribund. Soskin39 claimed that retention and utilization of sugar
was proved by his experiments in which very variable D/N's and
R.Q.'s were obtained. In commenting upon this work, Cori7 con-
trasts it with that of Wierzuchowski40 on phlorhizinized dogs, in
which that part of the ingested sugar not found in the urine was
accounted for by the rise of the R.Q. He says of Soskin's39 results,
"Lack of correlation . . . makes it difficult to interpret these
experiments."
In other experiments reported by Soskin38, in which he gave
lecithin to 13 depancreatized dogs, and in 3 obtained "extra sugar",
the R.Q. in 2 of them was not correspondingly reduced as it should
have been if the phosphatide was the source of extra carbohydrate.
It was observed by Gregg"7, after intravenous infusion of lecithin
into normal dogs, that there was no calorigenic action and no lower-
ing of the R.Q. below the basal level of 0.85 to 0.94, and he con-
cluded that there is no evidence that lecithin serves as an inter-
mediary in normal fat metabolism. Page and Young3" introduced
the same phosphatide intravenously into phlorhizinized dogs, in
which glucose given by the same route had previously been com-
pletely recovered, and obtained no increase in sugar output after
lecithin.
In the many experiments in which dextrose/nitrogen ratios have
been observed, the fact that the ratio is unaffected by fat feeding,
and by procedures which increase fat metabolism such as exercise or
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exposure to cold, makes it appear unlikely that carbohydrate can be
formed from fat. On the other side, experiments in which extra
sugar appeared after epinephrine injections have been cited, inwhich
the source of the sugar must have been either fat or residual deposits
of glycogen. Chaikoff and Weber5 believed that they obtained
more sugar from depancreatized dogs 4 days after withdrawal of
insulin than could be accounted for by all possible sources except
fatty acid. However, other investigators, cited by Lusk26, obtained
extra sugar only after the first dose of epinephrine, and then in
quantities which could be accounted for by the forcing out of glyco-
gen from the tissues. Chambers, Kennard, Pollack and Dann have
found that the liver, musdes and heart of depancreatized dogs
contain considerable amounts of glycogen and soluble carbohydrate.
The production of sugar from glycerol is well established, but
the conversion of acetic acid, a possible intermediate in the metabo-
lism of the fatty acid portion of the fat molecule, into glucose, has
been shown by Deuel and Milhorat'0 not to occur in the phlorhizi-
nized dog.
Experiments on fat feeding.
Many of the more recent attacks upon the problem have been
made by means of feeding experiments on rats. The contributions
of Greisheimer"8 and of Gregg'6 are concerned with the storage of
glycogen in rats maintained on carbohydrate-free diets. Their
results are very similar, both showing that the amounts of glycogen
formed could be accounted for from non-fatty acid sources. Gregg
not only determined total glycogen and free sugar in the carcasses
of his animals after a diet of butter-fat, but also, during the feeding
period he observed respiratory quotients and daily urinary nitrogen.
All of the sugar oxidized or laid down in the body could have been
derived from an average of 60 to 83 per cent of that theoretically
obtainable from body protein and the glycerol fraction of the fat
ingested. Gregg therefore conduded that there was no evidence
from his experiments that carbohydrate was formed from fatty acid.
The experiments ofHawley"9, who showed that in cases of great
emergency, as in the phlorhizinized dog whose blood sugar has been
further reduced by insulin, fat is unable to supply the sugar needed
to save the animal from hypoglycemic shock, are very suggestive.
The body of evidence from insulin action is beyond the scope of this
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paper. Cori7, who favors the "non-oxidation" hypothesis, has
reviewed this subject thoroughly, while the point of view of the
"overproduction" school is ably presented by Geelmuyden"3.
Conclusions
The theory that the respiratory quotients near the theoretical
fat-combustion level, obtained in complete diabetes, indicate that in
this disease carbohydrate oxidation ceases, has been opposed by a
school which holds that in the diabetic carbohydrate combustion is
not impaired, but is accompanied by an overproduction of sugar from
fat. The former theory includes the belief that the sugar excreted
in this disease is derived from protein, the glycerol fraction of fat,
and from stored or ingested carbohydrate, while the second theory
declares that, in addition to these materials, fatty acid can also serve
as a source of glucose.
In spite of the large mass of evidence which has been marshalled
on both sides of this controversy, the case is still open. Suggestive
as many of the methods of attack are, no experiment has been
reported which is really crucial. The former stronghold of the
"overproduction" school, the claim that muscular exercise requires
only carbohydrate as its fuel, must be largely abandoned for lack of
evidence, while there is ample support for the belief that fat can
be directly oxidized in the contracting muscle. The evidence from
the study of the R.Q. and the D/N ratio may be logically inter-
preted to indicate the non-combustion of carbohydrate during
diabetes. Results from fat-feeding experiments in normal animals
are, on the whole, contrary to what would be expected if the fatty
acid fraction of the fats could serve as a source of carbohydrate.
Therefore, it would seem that the weight of evidence is against the
probability that fatty acids are converted into carbohydrate in the
animal body.
BIBLIOGRAPHY
1 Canzanelli, A., and Rapport, D.: The nature of the foodstuffs oxidized to
provide energy in muscular exercise. IV. The use of protein as a fuel
in exercise. Am. J. Physiol., 1932, 102, 325.
2 Carpenter, T. M.: The fuel of muscular activity in man. J. Nutrition, 1931,
4, 281.
3 Cathcart, E. P., and Markowitz, J.: The influence of various sugars on the
respiratory quotient. A contribution to the significance of the R.Q.
J. Physiol., 1927, 63, 309.CARBOHYDRATE PRODUCTION FROM FAT 371
4 Chaikoff, I. L., and Macleod, J. J. R.: The effect of shivering on the respira-
tory quotient in pancreatic diabetes. Quart. J. Exper. Physiol., 1929,
19, 291.
5 Chaikoff, I. L., and Weber, J. J.: The formation of sugar from fatty acids
in the depancreatized dog injected with epinephrine. J. Biol. Chem.,
1928, 76, 813.
6 Chambers, W. H., Kennard, M. A., Pollack, H., and Dann, M.: Animal
calorimetry. 42. The respiratory metabolism of exercise and recovery
in depancreatized dogs. J. Biol. Chem., 1932, 97, 525.
7 Cori, C. F.: Mammalian carbohydrate metabolism. Physiol. Rev., 1931, 11,
143.
8 Dann, M., and Chambers, W. H.: Animal calorimetry. 40. The metabolism
of glucose administered to the fasting dog. J. Biol. Chem., 1930, 89,
675.
9 Dann, M., Chambers, W. H., and Lusk, G.: Animal calorimetry. 41. The
influence of phlorhizin glycosuria on the metabolism of dogs after
thyroidectomy. J. Biol. Chem., 1931, 94, 511.
10 Deuel, H. J. Jr., and Milhorat, A. T.: On the alleged conversion of fat to
carbohydrate. I. The metabolism of acetic acid. J. Biol. Chem., 1928,
78, 299.
11 Drury, D. R., and McMaster, M. D.: The relation of the liver to fat metab-
olism. I. Effect of liver lack on fat combustion and the respiratory
quotient. J. Exper. Med., 1929, 49, 765.
12 Editorials: Theories of diabetes. J. Am. Med. Asso., 1930, 95, 344; 1508.
13 Geelmuyden, H. C.: Uber einige Fragen und Aufgaben der Diabetesforschung
nebst Richtlinien einer stoffwechselphysiologischen Theorie des Diabetes
mellitus. Ergebn. d. Physiol., 1931, 31, 1.
14 Geiger, E.: Mobilisierung des Muskelglykogens durch Adrenalin und die
Resynthese der Muskelmilchsaure in der Leber. Biochem. Ztschr., 1930,
223, 190.
15 Geiger, E., and Schmidt, E.: Einfluss des Adrenalins auf die Zuckerneubil-
dung. II. Mobilisierung des Muskelglykogens durch Adrenalin. Arch.
f. exper. Path. u. Pharmakol., 1929, 143, 321.
16 Gregg, D. E.: Glycogen formation and respiratory quotients in rats fed exclu-
sively on fat. J. Nutrition, 1931, 4, 385.
17 Gregg, D. E.: The calorigenic action of lecithin. Am. J. Physiol., 1932,
100, 597.
18 Greisheimer, E. M.: Glycogen and fat formation in rats. V. Carbohydrate-
free diets. J. Nutrition, 1931, 4, 411.
19 Hawley, E. E.: Studies on the possibility of gluconeogenesis from fat.
I. Response of the phloridzinized dog to insulin. Am. J. Physiol., 1932,
101, 185.
20 Hawley, E. E., and Murlin, J. R.: Studies on the possibility of gluconeo-
genesis from fat. Proc. Am. Physiol. Soc., Am. J. Physiol., 1931, 97,
531.
21 Himwich, H. E., and Castle, W. B.: Studies in the metabolism of muscle.
I. The respiratory quotient of resting muscle. Am. J. Physiol., 1927,
83, 92.372 YALE JOURNAL OF BIOLOGY AND MEDICINE
22 Himwich, H. E., and Rose, M. I.: Studies in the metabolism of muscle.
II. The respiratory quotient of exercising muscle. Am. J. Physiol., 1929,
88, 663.
23 Jost, H.: Uber die Umwandlung von Fett in Kohlehydrat. I. Uber die
Phosphatide als Vorstufen der Fettoxydation. (Nach Versuchen an der
isolierten Leber.) Ztschr. f. physiol. Chem., 1931, 197, 90.
24 Kapeller-Adler, R., and Rubenstein, M.: Uber die Glykogenbildung in der
Leber von Ratten bei reiner Fettfiutterung. Ein Beitrag zur Frage der
Zuckerbildung aus Fett. Biochem. Ztschr., 1932, 248, 196.
25 Long, C. H. N., and Horsfall, F. L.: The recovery process after exercise in
the mammal. II. The conversion of infused d-lactic acid into muscle
glycogen. J. Biol. Chem., 1932, 95, 715.
26 Lusk, G.: The elements of the science of nutrition. Philadelphia & London,
W. B. Saunders Co., 1928, 4th ed.
27 Macleod, J. J. R.: The fuel of life. Princeton Univ. Press, 1928.
28 Macleod, J. J. R.: Gluconeogenesis and the energy material of muscle. Aus-
tralian J. Exper. Biol. & Med. Sci., 1932, 9, 119.
29 Major, S. G., and Mann, F. C.: The formation of glycogen following pan-
createctomy. Am. J. Physiol., 1932, 102, 409.
30 Minkowski, O.: Untersuchungen ilber den Diabetes mellitus nach Exstirpation
des Pancreas. Arch. f. exper. Path. u. Pharmakol., 1893, 31, 85; 97.
31 Page, I. H., and Young, F. G.: The effect of intravenous phosphatide on the
sugar excretion of the phloridzinized dog. Biochem. J., 1932, 26, 1528.
32 Pembrey, M. S.: Observations upon the respiration and the temperature of the
marmot. J. Physiol., 1901, 27, 66.
33 Ralli, E. P., Canzanelli, A., and Rapport, D.: The respiratory quotient of
proteins in pancreatic diabetes. Am. J. Physiol., 1931, 96, 331.
34 Rapport, D.: The interconversion of the major foodstuffs. Physiol. Rev.,
1930, 10, 349.
35 Richardson, H. B.: The respiratory quotient. Physiol. Rev., 1929, 9, 61.
36 Richardson, H. B., Shorr, E., and Loebel, R. C.: Tissue metabolism. II. The
respiratory quotient of normal and diabetic tissue. J. Biol. Chem., 1930,
86, 551.
37 Shaffer, P. A., and Ronzoni, E.: Annual Rev. of Biochem., 1932, 1, 247.
38 Soskin, S.: The influence of feeding either fat and lipase or lecithin on the
sugar excretion of depancreatized dogs. Biochem. J., 1929, 23, 1385.
39 Soskin, S.: The utilization of carbohydrate by totally depancreatized dogs
receiving no insulin. J. Nutrition, 1930, 3, 99.
40 Wierzuchowski, M.: Animal calorimetry. 31. Respiratory metabolism in
phlorhizin diabetes after glucose ingestion. J. Biol. Chem., 1926, 68,
385.